1. Introduction
===============

Trauma is a leading cause of disability,^\[[@R1]\]^ although advances in trauma surgery have recently improved the prognosis of patients with trauma. In addition, military surgeons have returned from several wars during the 20th century and used their experience to improve trauma treatments and systems.^\[[@R2],[@R3]\]^ For example, their experience has been used to develop rapid transport and triage systems, as well as surgical treatments that have improved outcomes among the general population. However, aging societies have trauma patients with constantly changing characteristics, and the National Trauma Data Bank has indicated that the proportion of ≥65-year-old trauma patients at Levels I--II trauma centers had increased from 23% in 2003 to 30% in 2009. It is also estimated that \>80 million Americans will be ≥65 years old in 2050, which is approximately double the population from 2012.^\[[@R4]\]^ Moreover, the UK Trauma Audit Research Network has revealed that the mean age of major trauma patients has increased from 36.1 years in 1990 to 53.8 years in 2013.^\[[@R5]\]^ During that period, the proportion of patients with major trauma who were \>75 years increased from 8.1% to 26.9%, and the UK population of ≥65-year-old individuals is expected to double by 2030.^\[[@R6]\]^

Geriatric trauma patients have relatively poor morbidity and mortality outcomes,^\[[@R6]--[@R8]\]^ which may be related to their diminished physiological reserve.^\[[@R9],[@R10]\]^ Furthermore, aging is associated with declines in cardiac, pulmonary, and renal functioning, as well as hypertension, diabetes, and treatment using antiplatelet and anticoagulant drugs.^\[[@R9]\]^ Therefore, geriatric patients are vulnerable to trauma and have relatively poor trauma-related outcomes. However, there is insufficient evidence regarding the health-related quality of life, nutritional status, and physical status of geriatric patients after trauma, although many studies have evaluated their short-term outcomes. The present study aimed to determine whether geriatric patients might experience reduced quality of life, nutritional status, and physical status after trauma-related hospitalization (vs the general population of geriatric individuals), based on data from the Korean National Health and Nutrition Examination Survey (KNHANES).

2. Methods
==========

2.1. Data collection
--------------------

Data were obtained from the KNHANES VI survey (2013--2015), which is an annual population-based cross-sectional survey that is conducted by Korean Centers for Disease Control and Prevention. The multistage stratified survey collects information regarding various characteristics, including age, sex, and socioeconomic status. Participants are asked to complete a four-part questionnaire regarding their health, health-related behaviors, medical history, and nutritional status. The participants also complete health examinations, laboratory testing, and anthropometric and dental evaluations. Body weight and height are measured while the participants are only wearing light indoor clothes. All data were collected by trained medical staff after obtaining written informed consent from all participants. Approval was obtained from our institutional review board to evaluate data from all geriatric individuals (≥60 years old) who participated in the KNHANES VI survey.

The present study evaluated data regarding age, sex, individual income, and household income. Furthermore, cases that involved trauma-related hospitalization were evaluated to obtain information regarding the trauma mechanism and intentionality. Furthermore, data were collected regarding quality of life parameters and physical status, such as performing strength exercises (push-ups, sit-ups, chin-ups, and dumbbell or barbell exercises on at least 2 days per week), activity limitations and causes, knee joint pain, and hip joint pain. The participants also completed the EuroQol five-dimensions questionnaire (EQ-5D) regarding mobility, self-care, activities of daily living, pain or discomfort, and anxiety/depression, after receiving approval from the EuroQol Group. Body mass index (BMI, kg/m^2^) was used to identify participants with a BMI of \<18.5 kg/m^2^ (underweight) or ≥25 kg/m^2^ (obese). The upper limit of normal for glycated hemoglobin (HbA1c) was defined as 6.5%. Anemia was considered present for female patients with a hemoglobin level of \<12.0 g/dL and male patients with a hemoglobin level of \<13.0 g/dL. Hypercholesterolemia was considered present for patients who were receiving cholesterol-lowering medication or who had a total cholesterol level of ≥240 mg/dL. Complaints of mastication discomfort or toothache were also recorded. Individuals with missing data were excluded from the analysis.

2.2. Data analysis
------------------

The physical and nutritional statuses were compared between individuals with and without trauma-related hospitalization. Categorical data were reported as number (percent) and analyzed using the Rao-Scott chi-square test. Continuous data were reported mean ± standard deviation and analyzed using the *t*-test. Univariate and multivariate logistic regression analyses were performed to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for various outcomes. The regression analyses were adjusted for age, sex, individual income, and household income. All statistical analyses were performed using SAS software (version 9.4; SAS Institute Inc., Cary, NC). *P* values of \<.05 were considered statistically significant.

3. Results
==========

A total of 21,069 individuals participated in the KNHANES VI survey, including 5650 geriatric individuals. After excluding individuals with missing data, 3731 cases were included in the analyses. The average age was 68 years, and most individuals were women (n = 2055, 55.08%). Ninety-four patients were hospitalized because of trauma, and these cases generally involved blunt injuries that were caused by slips and falls. All patients reported that the trauma was accidental. The geriatric individuals' baseline characteristics are shown in Table [1](#T1){ref-type="table"}.
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Baseline characteristics of analyzed geriatrics.
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Geriatric patients with trauma-related hospitalization experienced decreased quality of life in several dimensions, compared to their non-hospitalized counterparts (Table [2](#T2){ref-type="table"}). For example, these patients were significantly less likely to perform strength exercises (23.56% vs 12.99%, *P = *.043), more likely to experience activity limitations because of joint pain (0.65% vs 3.31%, *P = *.028), more likely to have self-care problems (somewhat agree: 8.00% vs 16.77%; strongly agree: 0.55% vs 1.29%, *P = *.008), and more likely to experience pain or discomfort (somewhat agree: 29.48% vs 40.51%; strongly agree: 1.65% vs 3.58%, *P = *.024). Trauma-related hospitalization was also associated with hypercholesterolemia (27.37% vs 39.36%, *P = *.037), and mastication discomfort (39.98% vs 57.85%, *P = *.005)

###### 

Physical and nutritional status of geriatric patient after trauma-related hopitalization.
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The univariate and multivariate regression analysis results are shown in Table [3](#T3){ref-type="table"}. Trauma-related hospitalization was associated with a lower likelihood of performing strength exercises (OR: 0.49, 95% CI: 0.24--0.99, *P = *.048) and a higher likelihood of activity imitations because of joint pain (OR: 5.11, 95% CI: 1.24--21.00, *P = *.024). Trauma-related hospitalization was also associated with increased risks of self-care problems (OR: 2.34, 95% CI: 1.20--4.55, *P = *.012), pain or discomfort (OR: 1.78, 95% CI: 1.09--2.91, *P = *.021), hypercholesterolemia (OR: 1.72, 95% CI: 1.03--2.89, *P = *.040), and mastication discomfort (OR: 2.06, 95% CI: 1.23--3.44, *P = *.0058). The adjusted analyses revealed that trauma-related hospitalization was independently associated with activity limitations caused by joint pain (OR: 5.04, 95% CI: 1.29--19.67, *P = *.020), self-care problems (OR: 2.24, 95% CI: 1.11--4.53, *P* = .025), pain or discomfort (OR: 1.77, 95% CI: 1.08--2.89, *P = *.023), and mastication discomfort (OR: 2.06, 95% CI: 1.22--3.46, *P = *.007).
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Univariate and multivariate regression analysis of physical and nutritional factors.
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4. Discussion
=============

Many studies have revealed poor outcomes among geriatric trauma patients,^\[[@R6]--[@R8]\]^ which led to the development of tools to predict their outcomes and improve their treatment.^\[[@R8],[@R11],[@R12]\]^ However, to the best of our knowledge, the present study is the first to evaluate the health-related quality of life, nutritional status, and physical status of geriatric trauma patients, and we identified several problems related to their physical and nutritional statuses after trauma-related hospitalization. They had more risk for activity limitations caused by joint pain, self-care problems, pain or discomfort and mastication discomfort. Additionally trauma-related hospitalization was also associated with non-significant increases in mobility problems, activities of daily living problems, and anxiety or depression. Furthermore, patients with trauma-related hospitalization were more likely to experience changes in their weight, anemia, HbA1c levels of ≥6.5%. Therefore, it is important to consider these patients' quality of life, as well as their mortality or morbidity. A collaborative approach should be developed to combine the expertise of surgeons, intensivists, physiatrists, nutritionists, nurses, and social workers.

Only a small proportion of geriatric patients were hospitalized because of trauma (2.5% of the eligible individuals), compared to 6.7% of individuals who had experienced an injury in a previous KNHANES survey (797 of 11,837 individuals).^\[[@R13]\]^ Furthermore, a previous study has revealed that the incidences of trauma-related hospitalization were 2.3% among men and 1.7% among women.^\[[@R14]\]^ Thus, the low incidence of trauma-related hospitalization indicates that big-data studies may be needed to identify significant differences in the physical and nutritional statuses of geriatric trauma patients.

The EuroQol group developed the EQ-5D tool to rapidly assess health-related quality of life^\[[@R15]\]^ using five questions regarding mobility, self-care, activities of daily living, pain/discomfort, and anxiety/depression. This tool has been used to evaluate patients' overall health status and health-related quality of life in cases that involved cardiac arrest, burns, critical illnesses, and geriatric patients.^\[[@R15]--[@R19]\]^ In the present study, the EQ-5D tool identified several significant decreases in the health-related quality of life of geriatric trauma patients.

It is interesting that geriatric trauma patients had an increased risk of mastication discomfort, as we did not limit our analysis to patients who had experienced oromaxillary trauma. A recent study has revealed that masseter muscle cross-sectional area predicted mortality among elderly blunt trauma patients,^\[[@R20]\]^ and decreased chewing ability is associated with impaired activities of daily living, cognitive function, depression, and food insufficiency among geriatric patients.^\[[@R21]\]^ Therefore, further studies are needed to understand mastication rehabilitation and nutritional challenges among geriatric trauma patients.

The present study has several potential limitations. For example, there was limited information regarding the patients' admission parameters and ward (e.g., the intensive care unit), and we could only identify patients who were or were not hospitalized because of trauma. In addition, case severity can be evaluated using the injury severity score, SOFA score, or APACHE score, although these tools are not used in the KNHANES surveys, which are performed to obtain general information for the Korean Centers for Disease Control and Prevention. This approach facilitates long-term analysis, although specific and sophisticate analysis may not be possible. However, the Korean Trauma Data Base includes information regarding trauma cases' injury severity score, abbreviated injury score, trauma and injury severity score, intensive care unit admission, morbidity, and mortality. Thus, combination of that database with KNHANES data might facilitate more comprehensive analyses, and it would also be useful to evaluate methods to improve these patients' health-related quality of life. Furthermore, evaluating data regarding intensive care unit admission might provide additional information regarding post-intensive care syndrome.^\[[@R22]\]^

Among geriatric patients, trauma-related hospitalization was associated with reduced strength exercise, activity limitations caused by joint pain, self-care problems, pain or discomfort, hypercholesterolemia, and mastication discomfort. Therefore, trauma surgeons, nurses, physiatrists, nutritionists, and social workers should collaborate to improve the physical and nutritional statuses of these patients. In addition, further studies are needed to elucidate the long-term prognosis of geriatric trauma patients.
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